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LIGHTING SYSTEM CONFIGURED TO
EMIT VISIBLE AND INFRARED LIGHT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. provisional patent
application No. 62/270,836, filed Dec. 22, 2015, the entire

contents ol which 1s expressly incorporated by reference
herein.

FIELD

The present mvention relates generally to lighting sys-
tems, such as obstruction lighting systems.

BACKGROUND

Obstructions to aircrait navigation, such as towers, cables
and tall buildings are typically fitted with visibly perceivable
clements to render these structures highly wvisible to
approaching aircrait. These obstruction lights are placed 1n
accordance with a set plan at levels on all obstructions that
are potential hazards to air navigation. Standards {for
obstruction lighting have been established by the U.S.
Federal Aviation Administration (FAA), International Civil
Aviation Organization (ICAQO), and Australia Civil Aviation
Safety Authonity (CASA) among others.

While visible-light obstruction lighting performance stan-
dards are well established, there are no standards for com-
patibility of obstruction lights with night vision imaging,
systems (“NVIS”) commonly used by military and emer-
gency/rescue air operators. NVIS systems are typically
configured to receive and amplify low-level inirared radia-
tion to form a “nmight vision” image, which improves air
operators’ ability to navigate at night and under poor vis-
ibility conditions. The lack of performance standards for
compatibility with NVIS equipment 1s particularly problem-
atic for obstruction lights that utilize light emitting diodes
(LEDs), since LEDs generate considerably less heat (and
thus less infrared radiation) than conventional incandescent
and xenon strobe light sources, making them difficult to see
with NVIS. Providers of obstruction lighting systems have
attempted to solve this problem by co-mingling some 1nfra-
red light emitting diodes or other infrared emitters (hereafter
generally “IRLEDs”) with their visible-light emitters. How-
ever, since the optical systems of these obstruction lighting
systems are designed to emit visible light, the lighting
pattern, intensity and other characteristics of the infrared
light emitted by the co-mingled IRLEDs are often compro-
mised. There remains a need for an obstruction lighting
system that provides satistfactory light emissions for both

visible light and infrared light.

SUMMARY

A lhghting system configured to emit both visible and
inirared light 1s disclosed according to an embodiment of the
present invention. The system comprises a first light emaitter
that 1s configured to emit light outside a visible-light spec-
trum. A second light emitter 1s configured to emit visible
light. The lighting characteristics of the second light emaitter
are altered when a fault condition 1s present 1n the first light
emitter, thereby providing a visually percervable indication
of the fault.

In one embodiment a lighting system includes a first light
emitter configured to emit light outside a visible-light spec-
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trum. A second light emitter 1s configured to emait light 1n a
visible-light spectrum. The first and second light emaitters are
co-located, such as 1n a stacked arrangement with one light
emitted atop the other. The amount of visible 1llumination of
the second light emitter may correspond to a correlated
radiant intensity of infrared light emitted by the first light
emitter.

In another embodiment of the present lighting system a
first light emaitter 1s configured to emit light 1n an infrared
light spectrum. A second light emaitter 1s arranged to emut
light 1n a visible-light spectrum. A controller 1s configured to
control the operation of the first and second light emitters. A
monitor 1s arranged to detect a fault condition of the first
light emitter and communicate the fault condition to the
controller. The controller alters lighting characteristics of the
second light emitter by turning ofl the second light emitter
while the fault condition of the first light emitter 1s present.
The light emissions of the first and second light emitters may
be correlated. In addition, the first and second light emitters
may be co-located such that the second light emitter 1s atop
the first light emaitter 1n a stacked arrangement. The first and
second light emitters preferably have separate optical sys-
tems.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features of the inventive embodiments waill
become apparent to those skilled 1n the art to which the
embodiments relate from reading the specification and
claims with reference to the accompanying drawings, in
which:

FIG. 1 1s a block diagram showing the general arrange-
ment of a lighting system configured to emait both visible and
infrared light according to an embodiment of the present
invention;

FIG. 2 shows an example lighting system according to an
embodiment of the present invention; and

FIG. 3 shows an example lighting system according to
another embodiment of the present invention.

DETAILED DESCRIPTION

The general arrangement of a lighting system 10 config-
ured to emit both visible and infrared light 1s shown 1n FIG.
1 according to an embodiment of the present invention.
System 10 comprises a first light emitter 12 that 1s config-
ured to emit light outside a visible-light spectrum such as,
without limitation, in the infrared light spectrum. A second
light emitter 14 1s configured to emit light 1n a visible-light
spectrum that 1s perceivable to the unaided eye.

A controller 16 controls the operation of first and second
light emitters 12, 14 respectively. Controller 16 may, for
example, establish and control the amount of voltage and/or
current that 1s supplied to first and second light emitters 12,
14 respectively. Controller 16 may also control the on-and-
ofl operation of first and second light emitters 12, 14 such as,
for example, turning either or both of the light emitters ON
at a first desired time or at dusk, and turning either or both
of the light emitters OFF at a second desired time or at dawn.
Controller 16 may optionally utilize a local or remote
photocell or a global positioning satellite (GPS) receiver to
determine when the light emitters 12, 14 are to be turned on
and turned off. Controller 16 may further “flash™ either or
both of light emitters 12, 14 with a desired ON-OFF duty
cycle or pattern, or turn either or both light emitters ON or
OFF 1n a predetermined manner or 1n response to predeter-
mined conditions.
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Monitor 18 1s coupled to and monitors the status of either
or both of first and second light emitters 12, 14 respectively.
Status 1nformation may include, without limitation, the
amount of voltage and/or current present in first and second
light emitters 12, 14 respectively, or elements thereof (such
as, for example, one or more individual visible or infrared
light emitting diodes), whether the light emitters or any
clements thereol have failed with an electrical open-circuit
fault condition, whether the light emitters or any elements
thereol have failled with an electrical short-circuit fault
condition, the amount of light being emitted by the _1g ht
emitters or elements thereof, and the wavelength of light
being emitted by the light emitters or elements thereol. As
a non-limiting example, measurement of the voltage across
a light emitting diode will provide an indication of whether
the light emitting diode 1s functioning or whether i1t has
experienced an electrical open- or short-circuit voltage fault
condition. Likewise, measurement of the current through a
light emitting diode will prowde an 1ndication of whether
the light emitting diode 1s functioning, or whether 1t has
experienced an open- or short-circuit electrical current fault
condition.

If monitor 18 detects a predetermined fault condition in
either or both of first and second light emaitters 12, 14 (or the
clements that comprise them) a fault signal 1s provided to
controller 16 by the monitor. Controller 16 receives the fault
signal from monitor 18 and activates a local and/or remote
alarm 20 which may be, without limitation, an electronic,
aural, visually perceivable, non-visually perceivable (e.g.,
inirared, ultraviolet) or tactile alarm signal.

In an embodiment of the present invention first and
second light emitters 12, 14 respectively are steady-burning
and are co-located as generally shown in FIG. 2. Monitor 18
monitors the status of first light emitter 12 configured as an
inirared light emitter and, upon detection of a predetermined
fault condition, provides a fault signal to controller 16.
Controller 16 responds to the fault signal and provides a
local alarm signal by “flashing” second light emitter 14,
which 1s configured as a visible-light emitter, at a predeter-
mined duty cycle until the fault 1s corrected. Second light
emitter 14 may thus be operated to provide a local alarm
signal with an ON-OFF duty cycle whereby the second light
emitter 1s turned OFF for about one second and then turned
ON for about fourteen seconds.

Alternatively, second light emitter 14 may be turned OFF
by controller 16 and be kept in an OFF state to visually
indicate a fault in first light ematter 12 until the fault 1s
corrected, then be restored to its normal ON state while the
first light emitter 1s again operational. This provides main-
tenance personnel with an indication that 1s visually per-
ceivable to the unaided eye that first light emitter 12, which
cannot be observed without the use of special NVIS equip-
ment, has a fault condition.

First and second light emitters 12, 14 respectively may be
configured such that the light emitted by the first and second
light emitters has a predetermined corresponding relation-
ship. In one embodiment the amount of visible 1llumination
in foot-candles of second light emitter 14 corresponds to a
correlated radiant intensity of infrared light emitted by first
light emitter 12 1n watts per steradian. This correlation
between first and second light emitters 12, 14 respectively
may result in a lighting system 10 that emits both visible and
inirared light with a generally equivalent percerved intensity
when second light emitter 14 1s viewed with the unaided eye
and when first light emitter 12 1s viewed with NVIS equip-
ment. In this arrangement lighting system 10 appears to an
observer to be the same general distance away from the
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observer both when the lighting system 1s viewed by the
observer with the unaided eye and when the lighting system
1s viewed by the observer with NVIS equipment. Prior
lighting systems lack this correlation between the visible and
infrared light emitters, resulting 1n a perceived appearance of
the light being closer or farther away from the observer,
depending upon whether the prior lighting system 1s viewed
by the observer with the unaided eye or 11 the lighting system
viewed by the observer with NVIS equipment. This lack of
correlation between the visible and 1nfrared light emitted by
prior lighting systems results 1n a greater hazard to air
navigation when the lighting system 1s an obstruction light,
since the obstruction light will appear to be closer or farther
from an observer in a nearby aircrait, depending upon
whether the observer 1s using NVIS equipment or the
unaided eye. The present invention overcomes this short-
coming.

Details of a non-limiting example lighting system 10 are
shown 1n FIG. 2. First light emitter 12 1s configured to emit
light outside a visible-light spectrum such as, without 11mi-
tation, infrared light. For example, the infrared light may be
in the 850 nanometer (nm) region of the infrared spectrum.
The infrared light may be generated by one or more IRLEDs
22. IRLEDs 22 are arranged and oriented such that infrared
light emitted by the IRLEDs 1s directed generally outwardly
and away from lighting system 10. In some embodiments a
plurality of IRLEDs 22 may be arranged such that lighting
system 10 emits infrared light outwardly about a 360 degree
radius (or a portion thereot) of lighting system 10. In some
embodiments IRLEDs 22 may be infrared emitters (e.g.,
inirared light emitting diodes) or any other suitable source of
infrared emissions.

Second light emaitter 14 1s configured to emit light 1n a
visible-light spectrum. The visible light may be generated by
one or more visible-light light emitting diodes (LEDs) 24
and reflected outwardly by a retlector 26. In some embodi-
ments a plurality of visible-light LEDs 24 may be arranged
about reflector 26 such that lighting system 10 emits visible
light outwardly about a 360 degree radius (or a portion
thereol) of lighting system 10.

As further shown 1n FIG. 2, first and second light emitters
12, 14 respectively are co-located 1n a stacked arrangement.
Second light ematter 14 1s stacked atop first light emitter 12
in this embodiment, although a reverse arrangement with the
first light emitter stacked atop the second light emitter 1s
envisioned within the scope of the mvention. Similarly, first
and second light emitters 12, 14 may be laterally co-located
in a generally side-by-side arrangement.

In the example embodiment shown 1n FIG. 2, IRLEDs 22
are arranged and oriented such that light generated by the
IRLEDs 1s directed outwardly and away from lighting
system 10. However, this arrangement 1s merely shown as
one example optical arrangement and 1s not intended to be
limiting 1n any way. For example, IRLEDs 22 may be
arranged with a reflector similar to reflector 26 of second
light ematter 14. Likewise, visible-light LEDs 24 may be
arranged and oriented 1n a manner similar to first light
emitter 12 such that reflector 26 1s omitted and light gener-
ated by visible-light LEDs 1s directed generally outwardly
and away from lighting system 10.

Lighting system 10 may further include a housing 28.
Housing 28 can be configured with features that are sized
and shaped to mount or attach lighting system 10 to struc-
tures and other equipment. Housing 28 may further enclose
some portions or the entirety of controller 16, monitor 18
and alarm 20.
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A cover globe 30 may enclose first and second light
emitters 12, 14 respectively. Globe 30 may be generally
transparent (1.¢., “clear”) or may be tinted or dyed to one or
more desired colors, such as red.

With reference now to FIG. 3, 1n some embodiments of
the present invention a plurality of lighting systems 10 may
be utilized, and may be mounted to a common fixture 32 if
desired. In addition, any suitable portions of lighting system
10 may be made common to plural lighting systems. For
example, portions or all of controller 16, monitor 18 and
alarm 20 may be made a common assembly 34 for plural
lighting systems 10, and may be disposed within fixture 32,
distributed among the plural lighting systems, or located
remotely.

First light emitter 12 may utilize any type of emitter now
known or later invented to emait light outside a visible-light
spectrum. The IRLEDs 22 described herein are for illustra-
tion only and are not intended to be limiting in any way.
Likewise, second light emitter 14 may utilize any type of
visible-light emitter now known or later invented. The
visible light emitting diodes 24 described herein are for
illustration only and are not intended to be limiting 1n any
way.

Optical systems that do not include a reflector 26 are
envisioned within the scope of the invention. For example,
either or both of light emitting diodes 22, 24 may be directed
or aimed outwardly from lighting system 10, and may
optionally 1nclude optical elements such as, but not limited
to, batlles and lenses to shape and direct the light emitted
from the light emitting diodes.

Referring again to FIG. 2, preferably first light emaitter 12
and second light emitter 14 utilize separate optical systems
comprising optical elements such as, without limitation,
light emitter aiming, retlectors, baflles, and lenses, each
optical system being tailored to the spectrum of light emut-
ted. The use of a first optical system tailored to first light
emitter 12 and a separate, second optical system tailored to
the second light emitter 14 allows for optimization of the
elliciency (e.g., light intensity, distribution and pattern) of
the particular spectrum of light emitted. This provides a
lighting system 10 with an optimized first light emitter 12
and an optimized second light emitter 14 that work together
to provide predetermined lighting characteristics without
compromising the optical characteristics of either of light
emitters 12, 14. This separate optical arrangement over-
comes the drawbacks of prior lighting systems utilizing a
common optical system for both visible and infrared emut-
ters, which would necessarily compromise the efliciency of
the visible light emitter, the infrared light emitter, or even
both light emitters. An optimized optical system for each of
first light emitter 12 and second light emitter 14 may
comprise one or more light emitters oriented generally away
from lighting system 10, a reflector or reflectors, batiles,
lenses, light tubes, or any combination thereof along with
any other light-shaping and modifying elements now known
or later conceived.

Controller 16, monitor 18 and alarm 20 may be separate
clements comprising any suitable combinations of discrete
clectronic components and integrated circuits. Alternatively,
some portions or all of controller 16, monitor 18 and alarm
20 may be integrated together. Furthermore, the functions of
some or all of controller 16, monitor 18 and alarm 20 may
be managed by a device capable of storing and executing
predetermined instructions such as, without limitation, a
computer, a microprocessor or a microcontroller.

While this invention has been shown and described with
respect to a detailed embodiment thereotf, 1t will be under-
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6

stood by those skilled in the art that changes 1n form and
detail thereof may be made without departing from the scope
of the claims of the invention. For example, although the
present disclosure has been presented in the context of
obstruction lighting, this 1s merely for the purpose of 1llus-
tration. Those skilled 1n the art will appreciate that the
present mvention may be used to advantage in connection
with any type of lighting equipment and/or any suitable
lighting application.

What 1s claimed 1s:

1. A lighting system, comprising:;

a first light emitter configured to emit light outside a

visible-light spectrum; and

a second light emitter configured to emit light 1n a

visible-light spectrum,

an amount of light emitted in the visible light spectrum by

the second light emitter having a predetermined corre-
sponding relationship to a radiant intensity of light
emitted outside the visible light spectrum by the first
light ematter,

such that the lighting system appears to an observer to be

the same intensity both when the lighting system 1s
viewed by the observer with an unaided eye and when
the lighting system 1s viewed by the observer with an
imaging device.

2. The lighting system of claim 1, further including a
controller arranged to control the operation of the first and
second light emitters.

3. The lighting system of claim 2, further comprising a
monitor arranged to detect a fault condition of the first light
emitter and communicate the fault condition to the control-
ler.

4. The lighting system of claim 3 wherein the monaitor 1s
configured to detect an electrical current fault condition of
the first light emutter.

5. The lighting system of claim 3 wherein the monitor 1s
configured to detect a voltage fault condition of the first light
emitter.

6. The lighting system of claim 3 wherein the monitor 1s
configured to detect a fault condition of the amount of light
emitted by the first light ematter.

7. The lighting system of claim 3 wherein the controller
alters lighting characteristics of the second light emitter
while the fault condition of the first light emaitter 1s present.

8. The lighting system of claim 7 wherein the controller
alters lighting characteristics of the second light emitter by
turning ofl the second light emitter while the fault condition
of the first light emitter 1s present.

9. The lighting system of claim 7 wherein the controller
alters lighting characteristics of the second light emitter by
periodically turning the second light emitter on and off at a
predetermined duty cycle while the fault condition of the
first light emitter 1s present.

10. The lighting system of claim 3, further including a
housing, the controller and monitor being disposed within
the housing.

11. The lighting system of claim 3, further including an
alarm coupled to the controller, the alarm being configured
to 1ssue an alert signal relating to the fault condition when
commanded by the controller.

12. The lighting system of claim 1 wherein the first light
emitter 1s an inirared light emaitter.

13. The lighting system of claim 1 wherein the second
light emitter 1s a visible-light light emitting diode.

14. The lighting system of claim 1 wherein the first
emitter and the second emitter have separate optical systems.




US 11,178,741 Bl

7

15. The lighting system of claim 1 wherein the first and
second light emitters are co-located such that the second
light emitter 1s arranged atop the first light emaitter 1 a
stacked arrangement.

16. The lighting system of claim 1 wherein the first light
emitter and the second light emitter emit light about a 360
degree radius.

17. A lighting system, comprising:

a first light emitter configured to emit light 1n an infrared

light spectrum;

a second light emitter arranged to emit light 1n a visible-

light spectrum:;

a controller configured to control the operation of the first

and second light emaitters; and

a monitor arranged to detect a fault condition of the first

light emitter and communicate the fault condition to the
controller,

an amount of light emitted 1n the visible light spectrum by

the second light emitter having a predetermined corre-
sponding relationship to a radiant intensity of light
emitted 1n the infrared light spectrum by the first light
emitter,

such that the lighting system appears to an observer to be

the same intensity both when the lighting system 1is
viewed by the observer with an unaided eye and when
the lighting system 1s viewed by the observer with an
imaging device,

the first and second light emitters being co-located such

that the second light emaitter 1s atop the first light emitter
in a stacked arrangement,
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the first and second light emitters having separate optical
systems, and

the controller altering lighting characteristics of the sec-
ond light emitter by turning off the second light ematter
while the fault condition of the first light emitter is
present.

18. The lighting system of claim 17 wherein the first light

emitter and the second light emitter emit light about a 360
degree radius.

19. A method for producing a lighting system, comprising

the steps of:

selecting a first light emitter configured to emit light
outside a visible-light spectrum;

selecting a second light emitter configured to emait light in
a visible-light spectrum; and

establishing an amount of light emitted 1n the visible light
spectrum by the second light emitter to correspond to a
radiant intensity of light emitted outside the visible
light spectrum by the first light ematter,

such that the lighting system appears to an observer to be

the same intensity both when the lighting system 1s
viewed by the observer with an unaided eye and when
the lighting system 1s viewed by the observer with an
imaging device.

20. The method of claim 19, further comprising the step

of arranging the first emitter and the second emitter with
separate optical systems.
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